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INTRODUCTION

The primary source of drinking water for the
city of Cedar Falls is the limestone and dolomite
of the SiluriarDevonian aquifer.The city of
Cedar Fallsurrently uses eight wells to provide
drinking water for thecommunity.The Silurian
Devonian aquifer is the first bedrock unit
encountered in the region, andedrock depth
in the regionis highly variable.Depending on
the area, he SiluriarDevonian aquifer can be
within a few feetof the land surfaceor buried
under over 100 feet of glacial till.

The SilurianDevonian aquifer has undergone
extensive erosion and weathering from flowing
water and past glaciatioevents This erosion
and weathering has fractured the underlying
shallow bedrock, forming large opemannels
where water can move through very quickly.
Geologists call these types of geologic features

WIFNBGIQ GSNNIAYy® YINERIG
surface as sinkholes, cave openings, and- low
lying wet areas on a flat land surfaigigure 1)

Although the karsted SiluriafDevonian
limestone near Cedar Falls is an excellent, high
yielding source of water, certain issues arise
when water moves through the subsurface so
quickly. Because of the fast moving wateells
open in Kkarst systemshave water quality
concerns usuallyound insurface water(Figure

1; Figure 2 In lowa, the most prominent water
guality issue in karst is contamination from Ron
point sources such as fertilizer and septic
systems Cedar Falls has relatively high nitrate
N concentrations ithree out of the eight wells.

SOURCE WATER PROT&CT

Source Water Protection isan established
method for a city or communityto take action
in protecting their source of drinking water

oo

Figure 1.A diagram of a karst system with sinkholes, fractures, caves, and springs. The illus
represents the direct conn¢ion between the aquifer and land surface, resulting high water yields, -
high potential for surface contamination to enter the source aquifer (Hallberg, 1982).
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before there are water quantity or quality
issues. These preventativmeasures can help
save a community money and result in naturally
safe nontreated drinking water. To be
successful in Source Wt Protection, a
community must: 1know where their drinking
water is coming fromif., source water area),
2) have an invatory of all potential
contaminant sources and pathwaysnd 3)
proactively address issues of concern to the
community. Thelowa Source Water Protection
program is a U. S. Environmental Protection
Agencyfunded program designed to implement
all of the prevous steps in community water
supplies. This program is federally funded and
provides targeted assistance tomany lowa
communities.

Through the Source Water Protection program,
the lowa Department of Natural Resources has
O2YLX SGSR | Gt KIas
Assessment for Ceddralls (IDNR, 2009)The
Phase |Assessment detailshe active wells,
source aquifer, ath potential contaminant
sourcedo that community.Phase | assessments
have been completed for all community water
supplies in lowa.

Due to the fat that typical modeling software
does not workfor karst systems such a3edar
Falls, default 4mile radius circles were
delineated around each active well. The entire
source water capture zone was considered to
0SS WKAIKE S
the surface due t@n estimation ofless than 25
ft. of cumulative confining layersuch as till,
clay, and shalebetween the source water
aquifer and land surface.

This report details the scientific work completed
by the lowa Department of Natural Resoas
lowa Geological and Water Suryeyand
delineatesthe priority congrvation zonesfor

the Cedar Fallsource water protection area.
These specific areas are to be used as
management tod for the Gty to focus best
management practices to protect theuglity of
groundwater and reduce nitrate
concentrations. These areas have very limited
confining layers between the soureguiferand
land surface and are estimated to have water
contribute to at least one city well

BACKGROUND

Thecity of Cedar Fallsrpvides an average 4.1
million gallons of water per day from eight
highly productive wells located in the Silurian
Devonian aquifer. Cedar Falls wells range in
depth from 145 ftto 275 ft below land surface,
and all penetrateand are open irthe bedrock
Certain  wells only penetrate the upper
Devonian units, and other wells penetrate

M ghrougb the Reppgian intepe;Sdugign aquifer.

Due to the highly fractured nature of the
dolomite and limestone in this regioror this

report the aquifer is considered @n
hydrogeologiainit.

Water chemistry is highly variable between the
Cedar Falls wells. Higher nitrate concentrations
have been recorded in wells 3, 5, &d 10
(Figure 2) Nitrates in wells 67, 8, and 11 are
either nondetectable orsignificantlybelow the
EPA's maximum contamination level of dérts
per million (ppm) nitrate-N. The changes in

5 dza OS Liiamo £ § (vatgy shengsiny rgflecy jher fliffprent pourges

and vulnerability of the aquifer in different
source water areas for each of the wells.
Changes in nitrat&l concatration through the
last 50 years are indicative of most lowa surface
water bodies, duvium, and upper bedrock
aquifers.
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Figure2. Time series of nitratd\ results in milligrams per liter, or parts per million fppin Cedar Falls eigh
active wells. Wells 6,,and 8 all consistently measure below detection limit. Wells 3 and 11 measure f®n
ppm. Wells 3, 9, and 10 consistently measure above 6 ppm, and have been measured close to the
maximum contaminantevel set by the U.S. Environmental Protection Agency.

Althoughthe SourceWater Phase | assessment
broadly categorized the Cedar Falls Source
Water aea as being 'Highly Susceptiffige., <
25 ft. of confining layers), confining layer
thickness between the aquifer and land surface
is highly variable in the area, with wells&,7,

8, and 11 having between 6000 ft of total
confining layers, and wells 5, and 10 having
less thar5 ft. of total confining layer thickness
The variation invell nitrates andspatialareaof
confining layer thickness provides an
opportunity to further refine and focughe
Source Water Protection area to a more
manageable size and scope for the comnyni

Due to the high nitrates noted in the drinking
water, relative vulnerability of many of the
wells, opportunity in refinement of the source

water area,and enthusiasm of the community
for completing a source water planning process,
the city of Cedar &lls was chosehy the Source
Water Protection Progranfor a groundwater
investigation. The groundwater investigation is
designed to provide theity of Cedar Falls with
a more manageable area than thareas
delineated in the initial Source Water
Assessmemn This investigation is also meant to
establish guidance for other communitidike
Cedar Falls that hawsource water frorrkarst or
have similar groundwater source location
issues.

The purpose of this investigation is to identify
the source of the nitrag concerns and address
the most vulnerable areas that contribute water
to the city wells, along with potential sources of



contamination for thecity of Cedar Falls. These
high vulnerability areasare where best
management practices will be identified aad
implementation strategy will be developed and
included in the Source Water Protection Phase
Il Plan. The plan will be updated as practices are
implemented and environmental impacts will
be recorded over time.

SCOPE OF WORK
The groundwater investigatiowill evaluate:

1 The surroundinggroundwater elevation and
movementof the SiluriarDevonian aquifer
through statistics onlowa DNR database
information, and interpdation from existing
datasets

1 Comparison of derived water level with
previously publisked local groundwater
elevation map compiled by the U.S.
Geological Survey.

7 Quaternary (i.e. surficial) material type
above the SilurizsbDevonian aquifer
through NRCSsoils and IDNR geologic
records.

1 The bedrock surface elevation in the Cedar
Falls area frm properly locating existing
wellswith lithologic information

91 Comparing  mundwater  composition
through water chemistry of nitrate, tritium
levels, and isotope atysis of nitrogen and
oxygen

1 Bedrockelevation andfracture delineation
through electrical resistivity geophysical
imaging

The results fromte above investigationgere
compiled to produce a groundwater
vulnerability mappresentedat the end of this
report. The groundwater vulnerability map
details the areas where land use changes will
have the most direct impact on water quality
measured in the active welland where most
future Source Water Protection work should
take place

GEOLOGIC SETTING

The City of Cedar Falls lies on the heart of the
lowa Erosion Surfadandformregion Eigure 3,
Prior, 1991) and overlies the SiluriaDevonian
bedrock aquifer (Prior and others, 2003he
Cedar Falls area north of the Cedar River is
dominated by shallow bedak overlain by
alluvial sand and gravel. The southern Cedar
Falls area lies on the lowandsion Surface
landscape whicls underlain by much older
glacial tills which are mantled by a veneer of
oxidized colluvial (loamy sediments) and
Wisconsirage eolian materials (loess and blow
sand) all which overlie bedrock.

These two contrasting settingsave a major
impact on the susceptibility of the Silurian
Devonian aquifer used for the city of Cedar Falls
drinking water supply. In the northern region,
characterized by shallow bedrock, thin glacial
till cover and thick alluvial and colluvial
packageshigh nitrates and low confining layer
thicknesses have been an issue for the
community water supply. While in the southern
region the thicker underlying glacial till protects
the aquifer from nitrate impacts.

Regionally the SilurianDevonian units dip to
the south, as does the basal Maquoketa shale
confining unit.Bedrock has been eroded away
in recent history by the Cedar River and various
current andancestral surface watdributaries.
North of the Cedar River the Silurirevonian
bedrockare overlainby a thick alluvial package
of sand and gravel, with some areas having
bedrock exposed abr nearthe surface(Figure

3). Theground surface elevatiom the region
varies by over 100 ft with highland surface
elevation also located in the southern areé
Cedar Falls, and the lowest surface elevation
measured near the river at the northern
section These changes in elevation in both the



Legend

Phase 1 Source Water

= Cedar Falls Active Well
E 'Karst' Source Water Area

Surficial Geologic Materials
Alluvium
Outwash
Windblown Silt

Thin Alluvium
Glacial Till

;IPIM‘ oi
P\hhau 1
LS

)

orthwest lowa
Drift Plain

Study Area )
7 - 1
owan ErosionSoe, B,

Surface e

Des Moines Lobe

)

0 025 05 1 15 2
—

Figure3. Map indicating the surficial geologic materials in the Cedar Falls Source Water Area. The re
dominated by weathered glacial till to the south of the Cedar River, and thick allmdaaian (windblown)

deposits to the north of the current river channel.

ground surface and bedrock are usually the
result of stream channelization and are near
surface water bodies.

In this study, ledrock topography was mapped
locally through the acquisition of field
geophysical resistivity datdao the north of
Cedar Falls wells &d 10 (Figure ;4Figure 3,
and regionally through the acquisition of
lithologic records from GeoSam and Ptiva
Well Tracking System (PWTS) databases

Electrical resistivity geophysical surdegations
were chosenfor areas with little current well
record data, little city infrastructure, and near
wells 9 and 10as both have relatively high
nitrate concentratims. The Cedar Falls City
9y IAYSSNRa h¥FFAOS IyR
contacted and permission was granted for four
transect locationsa one milewest-east section
along Fitkin Road between Ford Road and
Center Street,a Y+mile north-south section
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Figure4. Map showing the electrical resistivity depth sections with inferred bedrock surface elevations nol
well 9 and 10. Resistivity measurements are shown in @taters, wth higher resistivity in the brown anc
white color spectrum and lower resistivity in the green and light blue spectrum

along Center Street between Fitkin Road and
West Dunkerton,a Y+mile west-east section
along West Dunkerton Road, aadxmile west-
east sectionopposite Center Street from West
Dunkerton.

An Advanced Geosciences Inc. (AGI) SuperSting

R8IP earth resistivity ER)systemwas utilized
to conduct the geophysicalsurvey. The field
measurement of ER was obtained by injecting a
known direct current via transmitter electrodes
and measuring the voltage differences between
receiver electrodes.An array of 56 stainless
steel electrodes were planted on the ground
surfaceat 6-meter spacing and connected via
electrode cables to a multhannel resistivity/IP
meter. Measurements were collecteid dipole
dipole configurationand thenprocessed using

AGI Earthimager 2D varsion software
Measurements were then compared with local
geologic records (strip logs, drilielQgs, etc.) to
best interpret the raw ER data.

Earth esistivity measurements suggest that
bedrockelevation is highly variablecally, and
is neaer to the surfacethan previously thought
to the north of wells 9 and 10.rBvious studies
(Witzke et al., 200), hadan extensivebedrock
valleylocatedin this regiorthat wasupwards of
200 ft. deep, with extensive sand and gravel fill
above Results from tis study indicate that
bedrock isas shallow a$0-60 ft. deepin the
Fitkin Roachrea with the exception of an area
west of Fitkin Road near Ford Roadhene
bedrock dropped below thé&Rdetection limit
of 232 ft.
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Figure5. Map indicating the bedrock topography, study area, lithologic wells, and geophysical resistivity
used to determine bedrck topography in the study region. In the study region, the surface unit of bedro
the Cedar Valley Formation of the Devonian System.

Resistivity measurements alssuggest that For regional bedrock elevation, in addition to
bedrock is highly fractured in the aremrth of resistivity measurementdithologicwell records
wells 9 and 10The discontinuous nature of the from GeoSam andPWTS dabaseswere re
inferred higher resistivity bedrock surface, located and bedrock depth wasecorded for

which is crosgut in numerous areas by lower 277 local well$n the study regiorfAppendix A)
resistivity zones, suggests the presence of Soil maps from the &tural Resource
fractures and katsfeatures in the subsurface Conservation Service RCywere also used to
along all four transects (Figure 4). These  denote ared where bedrock is within 50 fbf
fracturescan move water very quickly through the ground surface. Figure5 shows the study
great distances. area bedrock elevation and supporting data



locations Geophysical, well record, and soils
data, along with surface topography were
compiled together to form the bedrock
topographic map(Figure5). Bedrockelevation

in the studyarea can be as loas 734 ft., and as
high as 894 ft.with an elevation change of over
160 ft. Bedrock topographygenerally mimics
surface topography, and the deepest bedrock
units are located in the surface lows of the
Cedar River.Bedrock is noted cles to the
surface (<50 ft.) in a feMocations including
around well5 near Dry Bn Creek, to the north
of well 3 near the Cedar River alluvium, and
near the Waterloo International Airport. These
bedrock highs mark areas where the aquifer is
only slightly protected, if at all, from surface
pollutants These bedrock high areaare
marked as highly vulnerabéreas

CONFINING LAYERS

Confining layer thickness determines the
vertical travel time of groundwater through the
subsurface to the aquifer. In lowa, rfining
layers are typicallgomposed othale, clay, and
glacial till.Extensive research has indicatiwt
thickness of confining layers such as till, clay,
and shale between the aquifer and the land
surface provide a good estimation to deteima
suscepibility to surface contamination from
both point and nonpoint sources (Canter, 1997)
Aquifers overlain by thicker confining beds are
less susceptible t@urfacecontamination than
aquifers overlain by thinner confining beds.

Confining layer thickness weaestimated in the
Cedar Falls area using two different methods.
The first methodvas throughusing information
from drillerQlogs and geologic strip logo
aggregate lithology intaonfining layer types.

Drillers typically note the type and thickness o
the subsurface layers that they are drilling
throughon a well record sheetOften drill chip
samples are sent in at fieot increments and
studied by a geologist Additionally, soils
information from the NRCS denotes the
percentageof near surface sal in the soil. If
the surficial Quaternary package is thin, or
contains alluvial deposits such as sand and
grave| this is a good indicator ofimited
confining layers locatedbove the bedrock.

Figure 6 indicates the soil and lithologic
coverages wheret has been determined that
natural confining layersre inferred to be thin
or absent, and thusllow the easy access of
surface contaminantsto enter the Silurian
Devonian aquifer. Areas highlighted ried are
believed to have less than 25 ft. of total
confining layer separating the land surface from
the aquifer.These areas are believed to be of
highest priority when protecting the Silurian
Devonian aquifer fronsurface pollution such as
leakingunderground gas storage tanks or ron
point source pollution such as nitrate
contamination

GROUNDWATER FLOW ADIBECTION

Due to the karst conditions in the area, the
SilurianDevonian aquifer is very productive
with wells easilyproducing1-3,000 gallons per
minute with little or no drawdownin water
levelsin the well The high production in the
area also indicates a fast travel time for
groundwater under pumping conditions. With
a dzOK Flai ANRdzy Rl G SNJ
important that groundwaterflow direction is
properly mapped for an accurate assessment of
the saurce water area.

v



Figure6. Map indicating the estimated confining layer (shale, till, clay) separating the land surface froi
Siluian-Devonian bedrock aquifer. Confining layer thickness was estimated using geologic record:

coverages, and bedrock elevation mapping.

Two  previous studies have mapped
groundwater elevation and direction in the
SilurianDevonian aqgder in the region: Horick,

1984 andTurco2002. Horick, 1984 released a
statewide regional map of the Siluridevonian

aquifer throughoutlowa. Various properties of
the SilurianDevonian aquifer were mapped,
including estimated vyield potential, geologic
formations, aquifer thickness, and
potentiometric (i.e, groundwater elevation)

surface. Horick used a total of 175 wells located
throughaut the eastern portion of the state to
derive water levels in theSilurianDevonian
Using values from these selected wells aand
hydrogeologic understanding of groundwater
movement near rivers, Horick produced a
statewide groundwater elevatiormap of 50 f.
contoursin the aquifer Due to the low amount
of data taken in the Cedar Falls region for
I 2NARO1 Qa &adddzRexX (GKS
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